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ABSTRACT: 

A system for interconnection of a stack of circuit boards, wherein each of at least a plurality of the 
circuit boards has an end region carrying one or more light transmitters or light receivers, an 
optical structure forming an interconnecting backplane for the drcuit boards, the optical structure 
comprising a first surface carrying a mulitplicrty of hologram elements disposed to receive light 
beams from said light transmitters and to route said light beams to a second reflective surface 
wttere said light beams are reflected back to said hologram elements for routing to said light 
receivers. 
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@ Optical backplane interconnecting circuit boards. 

@ A system for interconnection of a stack of 
circuit boards, wherein each of at least a plurali- 
ty of the circuit t>oards has an end regbn 
carrying one or more light transmitters or light 
receivers, an optical structure fonming an inter- 
connecting backplane for the circuit boards, 
the optical structure comprising a frst surface 
carrying a mulitplicity of hologram elenr>ents 
disposed to receive light t>eams from said light 
transmitters and to route saki light beams to a 
second reflective surface where said light 
beams are reflected back to sakI hologram 
elen^ents for routing to sakj light receivers. 
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Field of the invention 

This invention relates to a system for interconnec- 
tion of a stack of ctrcurt broads, and relates particu- 
larly though not exclusively to circuit cards used in 5 
telecommunications switches or computers. 

Background Art 

In the field of teleconrvnunications switches, with io 
increased circuit density and higher switch speed 
rates (200 Mbits-i increasing to 2.4 Gbits-^ in the fut- 
ure), many proposals have been made for nrK>re effi- 
cient interconnectk>ns of the circuit boards comprising 
the switch. One area of critk:al importance is the back- is 
plane or nwtherboard whrch provides interconnec- 
tions between the circuit boards. In addition to 
considerations such as removing heat generated dur- 
ing operation, one important consideration is distritnj- 
tion of clock signals etc to the various boards; at such 20 
high bit rates, the problems of propagatk>n delay, 
bandwidth and crosstalk arise by the ck>ck signals 
being conducted along conductors in the backplane. 

It is known, see K.H. Brenner and F. Sauer 'Dif- 
fractive-Reflective Optical Interconnects" Applied 25 
Optics 15th October 1988. Vd 27, No. 20 to employ 
hologram elements disposed on a surface to reflector 
refract light between b^nsmitters and receivers on an 
adjacent substrate. Usually the transmitters and 
receivers form part of an anray of integrated circuit 30 
chips and the light is employed to distribute signals to 
the various chips with increased efficiency. The sur- 
face carrying the holograms is nonnnally bonded to the 
chip substrate via a trar^sparent n>edium to form a 
compact and monolithic assembly: this is required 35 
because of the high accuracy required in alignment of 
the various optical paths. 

Summary of the Invention 

40 

It is an object of the present invention to provide 
a system for interconnectton of a stack of circuit 
boards which overcomes the problems outlined 
above. 

The present inventton provides a system for inter- 45 
connectbn of a stack of circuit boards, wherein each 
of at least a plurality of the circuit tx>ards has an end 
regton carrying one or more light transmitters or light 
receivers, an optical structure forming an intercon- 
necting backplane for the circuit boards, the optical so 
structure comprising a first surface carrying a multip- 
licity of hologram elements disposed to receive light 
from said light transmitters and to route such light to 
a second reflective surface where the light is reflected 
back to said hologram elements for routing to said ss 
light receivers. 

Thus in accordance with the invention, by provi- 
ding an optical structure which provides an intercon- 



necting backplane for the circuit boards, the problenns 
of known backplanes are overcome, in particular the 
problems with very high signal bit rales. 

A further advantage of an optical interconnection 
schenne is a reductnn of the insertion force and the 
alignnnent requirements of the connectors. An optical 
connector requires only the force to mate an align- 
ment shell and a few electrical servkses such as power 
and dock. By contrast the electrical connector has to 
reliably mate a large number of pins requiring a large 
insertk)n force. This force together with the long thin 
t>oard design introduces considerable prot>lerT^ relat- 
ing to flexing and bowing of the cards and connectors. 

Further a trade-off can be rnade t>etween the opti- 
cal power budget and the alignnDent requirements. By 
expanding the laser beam the lateral tolerance can be 
conskierat)ly relaxed at the expense of an acconv 
panying power budget penalty. However, since laser 
sources (whose maximum power is limited only by 
safety considerations) are used and the transmission 
distances are short a considerable design margin in 
the power budget exists. This nrwkes it possible to 
nr^ke allowance for bow in the boards, slight misali- 
gnment of connectors, or connectors not fully engag- 
ing. 

As regards environnr»ental stability of the optrcal 
structure, free space optical interconnection techni- 
ques are susceptible to particles obscuring the beam. 
These can either be transient effects such as an air 
t>orne particle moving through the t>eam causing 
nrK>mentary dropout of the signal or n>ore permanent 
effects such as particles becoming adhered to the sur- 
face of mirrors or lenses. The optical structure rnay 
use a solid glass or plastic structures for the majority 
of the beam propagation paths. In addition to confin- 
ing the beam and thus preventing problems with dust 
this has the added advantage of giving the optk^ 
structure mechanical stability thus reducing align- 
ment problems. The use of plastics also allow the 
parts to be cast or nxHilded at low costs. The disad- 
vantage of using a solid medium for the optical inter- 
connect region is, however, the reduction of 
ventilation routes along the back of a rack. Alterna- 
tively and as preferred free space is employed as the 
optical nf>edium and a flexible (rubber) sealing sur- 
round Is provided t>etween the circuit cards and the 
optical backplane to prevent the ingress of dust. 

Careful n^chank^ design of the system is 
required at two rnam stages. First, the initial system 
must be straight forward to align during manufacture. 
Second, the system must remain aligned during ship- 
ping and use. This is particularly important for the 
holographic system where the sensitivity to alignment 
is greatest 

A further consideration with holographic techni- 
ques relates to the temperature and the humidity 
range experienced by the components both during 
shipping and operation. Some of the high efficiency 
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materials used for the fabrication of the holographic 
optical elements such as dichromated gelatin (DCG) 
have a high sensitivity to humidity requiring coatings 
to protect them. 

To this end. said first surface on which the holog- 5 
ram elements are mounted is forrned by a transparent 
sheet which either carries said second reflective sur- 
face, or is bonded to another transparent sheet carry- 
ing said second reflective surface, to form a 
monolithic structure. Such structure is nnounted sec- io 
urely to a framework for housing the printed circuit 
boards. A metal block is secured to the end of each 
printed circuit board adjacent the backplane and car- 
ries the transmitter and receiver optical elements * 
which are nx>unted in holes accurately positioned in is 
the metal block. The framework for the PCB stack car- 
ries reference surfaces adjacent the backplane and 
as each PCB is positioned into the frannework, the 
metal block abuts the reference surfaces to accu- 
rately space the block from the tK>k>grams. In addition 20 
in accordance with a further prefen-ed feature of the 
invention the metal block carries one or more project- 
ing and tapering memtmrs, for example a spike, for 
registering in holes in the first surface for alignment of 
the optics. Alternatively the first surface may carry 25 
projecting nr>embers for registering in apertures in this 
block. In any event the circuit board is provkied with 
■pusher" members for guiding and manoeuvring the 
board into its registering and aligned position. 

At the very high bit rates employed it will be 30 
important to minimise the distances of the electrical 
interface between optical transmitter and receiver and 
MUX/DEMUX chips respectively. For ease of con- 
struction it may then be preferable to use an optical 
fibre 'light pipe* to route the optical signal to a more 35 
convenient position on the printed circuit tx)ard. 

Brief Descriptton of the Drawings 

A preferred embodiment of the invention will now 40 
be described with reference to the accompanying 
drawings, wherein: 

Figure 1 is a schematic view of the layout of an 
optical backplane in accordance with the inven- 
tion interconnecting a stack of circuit cards; 45 
. Figure 2 is an interconnection pattern for the 
backplane of Figure 1; 

Figure 3 are schematic views of the manner of for- 
mation of a hologram; 

Figures 4 is a more detaBed view of the mechani- so 
cat construction of the backplane; and 
Figure 5 is a sectwnal view of the block of Figure 
4 secured to a circuit card carrying the optical 
transmitters and receivers. 

55 

Description of the Preferred Embodirr^nt 

Referring now to Rgure 1. a rack 2 provides a 



framework for housing a stack of printed circuit cards 
4. Each card has at its rear end a block 6 housing a 
plurality of transmitters 8 and receivers 10. An optbal 
backplane 12 is rigidly mounted to rack 2 by 
framework meml>ers 14 and comprises a surface 16 
carrying a plurality of hologram elements 18. The sur- 
face 1 6 is provided by a sih^er halide holographic plate 
which is aligned and tx)nded to an optically transpa- 
rent solid polymeric block 20. A back reflector 22 is 
deposited directly on the back of polymeric plate 20. 

The holograms are so arranged in relation to the 
transmitters 8 and receivers 10 that light from a trans- 
mitter (s refracted by a first hologram into a predeter- 
mined direction, reflected from reflective plate 22 to 
another hologram element, whence it is against ref- 
racted to a desired receiver or photo detector 10. This 
is indicated scherr^tically in Figure 1. The 
holographk: elements are arranged such that a collh 
mated beam entering a first hologram perpendk:ular 
to the first surface emerges perpendicular at the des- 
ired output point A flexitrfe rubber cover 24 is posi- 
tk>ned around the free space between rack 2 and the 
pptcal backplate in order to prevent the ingress of dirt 
which might interfere with the laser beams. 

Referring now to Figure 4 this shows the corv 
struction illustrated in Figure 1 in more detail. In addi- 
tion. Figure 5 is a sectional view of block 6. 

Each PCB 4 is nxHjnted in top and bottom slide 
rails 40, 42 for permitting the PCB to be slide in and 
out easily from rack 2. The slide rails 40, 42 are sec- 
ured at the rear end of rack 2 to an orthogonal 
framework 44 which provides reference surfaces 46. 
In addition frameworic 44 has extension porttons 48 
for securing a rectangular fran>e memt>er 50 which 
secures bk>ck 20 in position. 

Each PCB 4 has at its front end pusher nriembers 
52 for pushing the circuit card into the rack and for 
manoeuvring the circuit card, as will be explained 
below. The rear end of the circuit card caoies alimi- 
nium rectangular block 6 which is screwed to the a'r- 
cuit t>oard and which contains rows of through holes 
56, which house photo detectors 1 0 and laser trans- 
mitters 8 respectively. These detectors and laser 
transmitters are coupled via short electrical leads 62 
to MUX/DEMUX chips 64. As an alternative construc- 
tion leads 62 may be replaced by optical fibres, and 
the laser sources and photo detectors may be moun- 
ted on the circuit board. 

The rear end of block 6 can-ies two tapering con- 
ical spike members 70 which engage in registering 
apertures 72 in block 20. Pusher memt>ers 52 are held 
manually when circuit tx)ard 4 is inserted into rails 40. 
42 and the t>oard is manoeuvered so that block 54 
comes to rest against reference surfaces 46 while 
projecting n)emt>ers 70 engage in aperture 72. 

Referring to Figure 5 which shows the optics 
associated with a laser transmitter 8, laser diode 70 
emits visible light which is collimated using a single 
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plano-cx)nvex lens 72. The focal length of the lens was 
1.47mm with a 30 distribution of less than 1%. Since 
the variation between the focal length of the lenses is 
small it is possible to avoid the need for an individual 
focusing an'angement for each lens. A shoulder 74 s 
within the hole in the heat sink block is used to provide 
the alignnnent of the lens position. Since the normal 
operating power for the laser is 3 times the eye safe 
limit It is possible to use a restricted aperture 76 to 
reduce the astigmatism in the laser output The aper- io 
ture 76 was arranged to dip the large angle axis bef- 
ore the lens thus providing a more circular symmetric 
output t>eam t>ut stOI at the required level of » 1mW. 

The holograms 18 on a on a photographk: plate 
are mounted to a solid polymer block 20 using an opti- is 
cally curing epoxy resin. The fast curing allowed the 
hologram to be aligned then t>onded into position. The 
advantages of the solid structure are that it wQI remain 
aligned during use and it also prevents dust and other 
unwanted particles from blocking the t>eam. A poly- 20 
methyl methacrylate (PMMA) polymer was used since 
it has good mechanical properties and has a minimum 
loss near the 670nm operating wavelength. The path 
length of each beam varies as a function of projected 
angle, between 300nvn and 470mm. 25 

The tilock 20 is prectsbn cut such that the front 
and back faces were parallel and perpendicular to the 
other faces. Then a final polish was applied to the two 
faces. Precision cutting and polishing processes are 
used to minimise the amount of stress induced in the 30 
blocks. 

After polishing reflective surface 22 is applied 
d reclly to the back surface of the block. The reflector 
is created using a high vacuum alumihium evapor- 
ation process. Since the back face has t>een cut and 35 
polished perpendicular no further alignment of the ref- 
lector is necessary. The reflection at the surface was 
measured at HeNe as 75.6%. The surace is cleaned 
rigorously before aluminiumisatk>n so that a good 
adhesion to the polymer is achieved. However, a pro-" 40 
tective film or lamination is required to prevent danrv 
age from abrask)n or chemical attack. 

The holograms for the backplane were fabricated 
using Agfa 8E75HD silver halide holographic plates. 
The output from a HeNe laser (633nm wavelength) 45 
was split into two collimated plane waves. The two 
beanris were Incident onto the holographic plate from 
the same side of the plate such that interference 
fringes were constructed in the photographic material 
(Figure 3). The bright fringes exposes the silver halide so 
releasing free silver atoms. Developing the plates 
then fixes the interference fringes as a variation in the 
absorbtion of the photographic emulsk>n. A bleaching 
process is then used to convert the silver atoms back 
into stable sOver halide thus giving the required refrao 55 
tive index variation. Since the holograms were recor- 
ded using beams from the same side of the plate when 
the hologram is replayed with a beam transmitted 



through the hologram the beam is steered through an 
angle 6. As the object beam was normal to the plate 
the angle 9 is the angle at which the reference beam 
illumuniates the plate in air. The hdogran^ are bon- 
ded to a polymer block and a correction for the refrac- 
tion at the hdogranr^polymer interface has to t>e made 
using Sn ell's law. 

The percentage of power in the desired first order 
beam varies with the steering angle required. For the 
type of holographic media used a range of angles 
from 35** to 70* were tested. The range of angles avail- 
at>le is limited by the thickness of the holographic 
emulsion and maximum spatial frequency achievable 
in the emulsion. In the plates used the emulsbn thick- 
ness is e 5 ^m, at this thickness the plates t>ehave 
partly as a thick hologram and partly as a thin holog- 
ram. Thus if both the reference and object recording 
beams are approximately nomnal to the plate surface 
(low steering angles) the emulsion thick- 
ness 'seen* by the light is small and the hologranr) 
behaves as a thin grating. In such a case multiple 
orders are generated resulting in a large number of 
unwanted beams and a reduction in the power in the 
output t>eam. At high deflection angles the spatial fre- 
quency required in the holographic material 
increases. Since there is a finite grain size for the sil- 
ver halide plates this sets the maximum angle through 
which the t>eam can t>e deviated. 

Using an alternative thicker volume hologram ma- 
terial such as dichromated gelatine or a photo-poly- 
mer will extend the range of angles achievable. 
Although this will increase the range of angles achiev- 
able other factors will limit the eventual perfonmance. 

Each of the Holographic Optical Elements ts 
characterised at the HeNe 633nm wavelength. The 
percentage power in the zero and first order, (straight 
through and the required steered beam) is measured. 
From this, the conversion efficiency, the ratk) of power 
in the first order as a percentage of the input power, 
ts calculated. The highest efficiencies are obtained in 
the mkldie of the angle range and declined at larger 
angles. The average conversion efficiency at 35.06** 
is40%or4dB. 



Claims 

1. A system for interconnection of a stack of circuit 
boards, wherein each of at least a plurality of the 
crcuit boards has an end region carrying one or 
more light transmitters or light receivers, an opti- 
cal structure forming an interconnecting back- 
plane for the circuit tx)ards, characterised in that 
the optical structure comprises a first surface car- 
rying a multiplicity of hologram elements dis- 
posed to receive light beams from said light 
transmitters and to route said light beams to a 
second reflective surface where said light beams 
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are reflected back to said hologram elements for 
routing to said light receivers. 

2. A system as claimed in Claim 1 , wherein each cir- 
cuit board has a heat sink block secured to the 5 
rear end of the circuit board and has within it aper- 
tures earring one or more transmitter and/or 
receiver elenrients. 

3. A system as datn^ed in Claim 2 wherein the block io 
has two columns of apertures, one column carry- 
ing a plurality of transmitter elements and the 
other column carrying a plurality of receiver ele- 
ments. 

IS 

4. A system as claimed in Claim 2 or 3 wherein each 
transmitter element comprises a visible laser 
diode source. 

5. A system as claimed in any of Clainrts 2 to 4 whe- 20 
rein each transmitter element abuts against a 
shoulder in the respective aperture, and a col- 
linrtating lens is positioned against a further shoul- 
der in the aperture. 

25 

6. A system as claimed in any of Claims 2 to 5 whe- 
rein the transmitter and receiver elements are 
connected via short electrical leads to MUX/DE- 
MUX circuits on the circuit board. 

30 

7. A system as clain^ed in Claim 1, including means 
for aligning the circuit cards in predetermined 
positions relative to the optical structure upon 
insertion into the stack for correct routing of said 
light t>eams. 35 

8. A system as dain>ed in Claim 7 wherein the 
means for aligning indudes a reference surface 
against which said block abuts when the drcuit 
t)oard is inserted in order to define a predeter- 40 
mined spacing between the block and the holog- 
ram elenr>ents. 

9. A system as claimed in Claim 7 or 8 wherein each 
circuit card and said first surface include co- 45 
operating tapering locating members and aper- 
tures which interengage upon insertion of the 
drcuit card into the stack in order to locate the 
transmitters and receivers in predetenmined posi- 
tions relative to the hologram elennents. so 



engageable pusher members for pushing the dr- 
cuit card into the stack and for interen gaging the 
ccw)perating members and apertures. 

1 2. A system as daimed in any of Claims 1 to 11 whe- 
rein the first surface comprises a photographic 
plate bonded to a polyn>erlc block housing sakJ 
reflective surface fonmed on its rear surface. 

13. A system as daimed in any of Claims 1 to 12 
including a flexible cover nnember surrounding 
the free air space between the rear of the circuit 
cards and the optk^i structure. 



10. A system as daimed in Claim 9 wherein each 
block carries one or more tapering spike menrv 
bers for engaging in registering apertures in said 
first surface. 55 



11. A system as daimed in Claim 9 or 10 wherein 
each drcuit card includes one or nDore manually 
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